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Abstract
Designing fitness programs to combat a sedentary
lifestyle and foster older adults’ motivation and goal-
setting is not yet well-understood beyond point-based
systems. To improve older adults’ (over 50 years) health
and wellness, we studied a gamified physical activity in-
tervention over eight weeks in an experiment (N=30)
with three conditions (gamified, non-gamified, control).
Our qualitative analysis showed the gamified group ex-
hibited more engagement and interest in performing
physical activity facilitated by technology. Results from
our quantitative analysis indicated significance in the
perceived competence dimension compared to the non-
gamified and the control group. Perceived autonomy
was significant for the non-gamified group against the
control group. The findings from qualitative and quan-
titative analysis show motivation, enjoyment, and en-
gagement were higher in the gamified group. This pro-
vides support for successfully facilitating older adults’
physical activity through gamified technology, which
helped us create guidelines for older adults’ adaptive
engagement.
1. Introduction
Older adults are trying to lead healthy lifestyles be-
cause humans, specifically in Western societies, are liv-
ing longer than at any other time in history [1] while
maintaining physical and mental wellness. Participation
in recreational activities, such as playing digital games
or technology-supported exercising contributes to im-
proving older adults’ quality of life [41].
Game-based technology that makes mundane tasks
more interesting and playful by appealing to our emo-
tions is becoming more popular. This is also known as
gamification, which is the process of using game design
principles [30] in non-game contexts [16,26]. Research
suggests that gamified fitness applications are one way
to engage people in regular physical activity (PA) [40].
However, not all older adults are physically active in the
same way, and they often face more substantial cogni-
tive and physical challenges compared to a younger
population.
This paper addresses the problem of investigating
the disenchantment of older adults with PA, reasons for
their lack of engagement with PA, and contributes mo-
tivational affordances for PA technology. We conducted
an experimental eight-week study that was a synchro-
nous, three-condition (gamified, non-gamified, control),
with a total of 30 participants. Results of the qualitative
analysis indicated that technology facilitation of PA was
prevalent in the gamified and the non-gamified groups
of participants. From a technology artifact perspective,
results also indicated granular categorizations for PA
motivation, setting up goals, feeling of accomplish-
ments, rewards, and tracking of PA. Quantitative analy-
sis of the data also yielded significant differences be-
tween the groups with higher engagement for gamified
and non-gamified groups. These results indicated that
technology facilitation of PA can be achieved through
the usage of motivational affordances as behavior
change technologies using the gamification construct.
2. Related Work
Older adults’ motivation for PA and their attitudes
and perceptions towards PA technology are both critical
for our investigation. Thus, we reviewed literature on
PA motivation, and gamified PA interventions facili-
tated by technology for older adults. Motivational af-
fordances, a term that is used interchangeably with
gamification elements (like challenges, actions,
achievements, reward mechanisms,  and social interac-
tion elements [23,51]), are elements supporting intrinsic
and extrinsic PA motives [24–26] in our study. We in-
vestigate the impact of motivational affordances
through gamified technology for older adults.
2.1. Motivation for Physical Activity
Older adults’ PA motivation is greatly influenced by
their age-related impairments (decreased motor skills,
balance issues, poor posture) and health-related chal-
lenges (coronary disease, osteoporosis, arthritis, emo-
tional loneliness, minimized cognitive functions)
[12,19,53]. Motivation to engage in PA is influenced by
their own personalities, attitudes towards technology
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and social interaction [37]. Currently, we lack guide-
lines for designing and tailoring PA programs for older
adults from a motivation-and-goals systems view com-
pared to rewards-based systems [25,31,48].
Much research on older adults and PA motivation is
available; however, research that triangulates older
adults’ PA, PA motivation, and motivational af-
fordances is limited. This investigation fills that gap.
While older adults above age 65 have been categorized
as seniors or elderly, many studies on physical activity
interventions have qualified older adults to be 50 years
and older [34–36,57]. One of the many reasons for this
is because many individuals ≥50 years are physically in-
active and do not meet the national guidelines for PA
[5]. Motivation of older adults to participate in PA has
been studied by many researchers [2,9,12,45,53,54];
however, limited research has been done on motivation
as part of technology facilitation for older adults’ PA.
A long-term efficacy study of computer-tailored PA
interventions for older adults carried out on adults over
50 years’ age were effective in inducing long-term be-
havioral changes of older adults [55]. Efficacy of print-
based interventions were stronger than web-based inter-
ventions over a 12-month period in adults over 50 years
of age indicated the need for improved web-based inter-
ventions for better sustainability [49]. Research indi-
cates the increase in population aged 50 to 64 years to
be more adept at using web applications and technology
artifacts [29,33,44]. Thus, novel strategies like gamifi-
cation should be explored in PA domains.
2.2. Gamified PA Interventions
While prior research indicated the relevance of in-
trinsic motivations in traditional PA [13,38], prelimi-
nary studies investigating motivations of older adults’
towards technology-facilitated PA, indicated the impact
of intrinsic motivations for successful gamified PA [31].
In digital gaming for seniors, game preferences and mo-
tivations to play the game were true-to-life scenarios,
cognitive training, and improving their reflexes [46].
Furthermore, in-person and electronically mediated in-
terventions through persuasive games [52] and inter-
personal communications [50] are effective for influ-
encing and motivating health behaviour to participate in
more PA [47].
The benefits of gamified applications as referenced
above range from increased motivation [7], improved
monitoring daily activities, and tracking of goal-attain-
ment [47]. Furthermore, gamified applications afford to
connect individuals via a community [52].
Current research does not identify specific motiva-
tional affordances for older adults to participate in PA
or daily exercise using gamified technology. An under-
standing of these motivational affordances specific to
older adults is important for developing technology to
foster increased adherence to PA through gamification.
We further this understanding of PA motivation by iden-
tifying intrinsic, extrinsic, and feedback elements of
gamified PA technology.
3. Research Design
Our main research questions were:
How can gamification elements be used to foster the
intrinsic and extrinsic motivations for physical activity
and daily exercise routines among older adults? How
can customization of gamification elements be done for
PA applications for this demographic?
In the related literature, a minimum effective exer-
cise program for habit formation was six weeks
[3,32,42]. Therefore, we designed our PA intervention
for older adults (50+) over an eight-week study period
in a synchronous, three-condition study (N=30). Partic-
ipants were randomized to one of three conditions:
Group 1: Physically active and use of a gamified physi-
cal activity app (Spirit50)
Group 2: Physically active and use of a pedometer
Control: Physically active
Baseline current PA was assessed using the Interna-
tional Physical Activity Questionnaire (IPAQ) [28]. All
participants filled in a questionnaire once a week, for
eight weeks, which combined the following scales (de-
pendent variables):
1 Measuring the enjoyment and engagement of the
participants over the eight-week period using the
self-report Intrinsic Motivation Scale (IMI),(45
item, 7-point Likert scale, 1 = not at all true, 7 = very
true) [15,38]
2 Measuring the motivation aspect of the participants
over the eight-week period using the self-report Psy-
chological Need Satisfaction in Exercise Scale in-
strument (PNSE) ),(24 item, 7-point Likert scale, 1=
not at all true, 7 = very true) [58]
3 Measuring exertion using the Rating of Perceived
Exertion scale (RPE) [4] after each session
Participants were also interviewed once a week for
the period of the study. They had the option of being
interviewed over the phone, Skype, or answering the in-
terview and the self-report questions online.
3.1. Participants
Participants aged 50+ years, with an active lifestyle
as defined by the Dietary Guidelines for Americans,
2014 (https://goo.gl/sruHW6) were recruited from the
community. We refer to individuals living in this man-
ner as active lifestylers. Recruitment was conducted
through e-mails, flyers, social media postings and in
person. Interested participants were informed about the
eight-week commitment and told that they would be
randomly allocated to one of the three study conditions.
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Each participant answered the questions from the
Physical Activity Readiness Questionnaire (PAR-Q)
[59] document, which was used to determine their cur-
rent PA levels and their eligibility to participate in the
experimental study. Additionally, the long-form version
of the IPAQ, a validated instrument [22,28] was used to
determine the current PA intensity for all participants. A
demographic questionnaire was used to collect data re-
garding participants’ age, gender, and educational lev-
els. Participants were not paid for taking part in the
study and could opt-out from the study at any time dur-
ing the eight-week program. The inclusion criteria were
(1) adults over 50, (2) active lifestyle, (3) ability to use
computers and mobile devices.
3.2. Procedure
Group 1: Spirit50 (Gamified Application): We com-
pared existing gamified PA technology and selected
Spirit50 because it was specifically tailored for older
adults. Spirit50 was specifically designed for adults over
50 years of age and incorporated the following gamifi-
cation elements: goal definition (quest), daily chal-
lenges (sub-goals), goal progression meter, points and
badges (stars) as motivational affordances.
The initial and weekly meetings with participants
from this group was carried out in the LiveLabs1, a mod-
ern and technologically advanced mobile usability lab
located at the Humber College, Toronto, Canada. All
participants assigned to Group 1 were invited individu-
ally to the usability lab and provided with a login and
password for spirit50.com. They were allowed to choose
their long-term goals, barriers to doing PA exercises and
answer questions regarding their current health situa-
tions.  These selections enabled the application to iden-
tify a low, medium, or high intensity exercise routine for
an eight-week period and offer specific goals that they
would have considered to work on. To establish a com-
mon ground for comparison, all participants in this
group were directed to select this specific goal - “Get up
and down off the floor with ease”. This provided the par-
ticipants with an eight-week PA program tailored for
this specific goal. The participants then proceeded to use
the application and cycle through the exercise routines
as per the instructions provided on the screen.
Once each participant had completed all aspects of
the exercise routines, they were provided a paper format
of the combined questionnaire with the above scales and
were interviewed. All participants were encouraged to
login to Spirit50 from home or work to review and fol-
low through on the daily routines planned by the
Spirit50 application. Each participant was allocated a
scheduled time to meet every week for testing the exer-
cise routines as they progressed through the program.
1 LiveLabs Usability Lab – Humber College
Post-session interviews and answering the IMI and
PNSE questionnaires were conducted each week for the
eight-week period.
Group 2: Pedometer (Non-Gamified): Participants in
this group were provided a standard clip-on pedometer
and asked to continue their physical activities as normal.
Participants were provided the questionnaire and inter-
viewed in-person once on a weekly basis or online.
Control: Participants were asked to go about their nor-
mal activities and were provided a printed format of the
questionnaire once each week for the eight-week period.
Interviews for this group were conducted via phone, in
person, or via Skype. Participants who were unable to
meet in-person were provided a link to the survey ques-
tionnaire on a weekly basis with a session number, par-
ticipant ID, and a group number. They were asked to
provide answers to the interview questions in long-form
questionnaire answers online.
3.3. Interview Protocol
The interviews were semi-structured and were
geared towards understanding their experiences when
participating in PA for the week. It was focused on elic-
iting answers related to motivation to do PA, triggers
facilitating PA, barriers, accomplishment and setting up
of goals for PA, rewards and tracking of PA. These
questions relevant to the research question, were as fol-
lows:
1 What was your motivation to do the physical activi-
ties or exercises this week?
1.1 Were there any triggers that helped, you be moti-
vated to do these this week?
2 With regards to physical activity, how do you set up
or decide on goals to help you do PA or exercises?
3 Were there any accomplishments or feeling of ac-
complishment this week (completion of a task is also
an accomplishment)?
4 With regards to PA, were there any fears or barriers
that you faced this week?
5 Were there any rewards (tangible or intangible) that
you received or felt/received this week?
6 What kinds of tracking information or feedback
would you have liked to receive?
4. Data Collection and Analysis
Data were gathered as qualitative information from
responses to interview questions and quantitative scale
data from the motivation questionnaires.
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Data Analysis - Interviews
With three groups of participants, 10 participants in
each group for eight-week sessions, we had 240 in-
stances of data collection points. There were 100 audio
recordings of interviews from participants from the
three groups. Each recording spanned an average of 15
minutes. In addition, answers to interview questions
were provided in written format and online or via
emails. The audio recordings were transcribed to text us-
ing Transcribe2, an online transcription tool. Once tran-
scribed, the answers were collated under the six inter-
view questions listed in the Interview Protocol section.
This resulted in six Excel spreadsheets under the follow-
ing interview questions: motivation to participate in PA,
setting up goals to participate in PA, fears or barriers to
participate in PA, accomplishments, rewards, and track-
ing.
Since its inception in 1967 [21], grounded theory
(GT) has bifurcated into two methodical approaches:
Glasser’s traditional method and the Strauss et al. ap-
proach [27,56]. While Glasser’s traditional method is
recognized as the original GT method which had a more
inductive method, many researchers have used the
Strauss method because of its flexibility with respect to
deductive and inductive analysis, ease of data manage-
ment and code saturation [17,27,56]. In this study, we
used the GT analysis as proposed by Strauss where code
saturation was achieved by coding until no new code
emerged [8,11]. While a study using Fish n Steps, an
interactive computer game to promote PA used this
method for data analysis [39], other studies also adapted
this method for analyzing qualitative data [6,10,18]. For
our study, GT analysis was used to code the transcripts
line by line and break up the data into its component
parts or properties [8,11]. Open coding was done on
each sentence of the transcripts to identify the meaning
of the interview data into phrases that represented each
sentence by the participant [11]. Characteristics of the
meaning of these codes were also notated in the Excel
file identifying the properties of the code. These codes
explicated actions to meanings [8,20] of participant re-
sponses. The above process was done for all participant
responses for each of the six questions. These properties
and open coding for the six questions are indicated in
the supplementary materials.
The next step was to identify any relationship be-
tween open codes, which would then be aggregated into
a higher category.  This process is identified as axial
coding or the process of relating categories to sub-cate-
gories [8,11]. Axial coding was done for all the six in-
terview question responses. The interview responses
were then sorted based on the group number and axial
2 https://transcribe.wreally.com/
codes to gather interview responses and to evolve char-
acteristics of the categories.
Data Analysis – Questionnaires
The data from the weekly report of the IMI engage-
ment and enjoyment) and PNSE (motivation) and RPE
questionnaire were analyzed using SPSS. We had 10
participants in each group giving us a total of 80 re-
sponses (240 items for 3 groups) in each group.
5. Results
5.1. Participant Demographics
All participants qualified to participate in the eight-
week study though the PAR-Q instrument. Additionally,
the IPAQ instrument helped to identify the current base-
line intensity levels of participants based on metabolic
equivalent tasks (MET) recorded by participants’ during
the past seven days prior to the start of the eight-week
study. Essentially, the MET score of an activity is mul-
tiplied by the minutes of the performed activity and is
expressed in multiples of the resting metabolic rate [28].
The MET scores from the long form questionnaire es-
tablished PA levels of participants over the past seven
days across four domains: work, active transportation,
domestic and garden (yard work), and leisure time. Ta-
ble 1 shows details of participant information from the
three groups.
The IPAQ quantifies MET scores of activity levels
and is categorized as low, moderate (at least 600 MET-
minutes/week) and high (physical activity of at least
3000 MET-minutes/week) [22,28]. It indicates the PA
levels of participants in all the three groups to be cate-
gorized as high PA, labelling them active lifestylers.
Gamified
(N=10)
Non- Gami-
fied (N=10)
Control
(N=10)
Age
Mean =
60.5; SD =
6.87
Mean =
63.1; SD =
8.44
Mean =
68.8; SD =
6.66
Gender F= 4; M=6 F= 3; M=7 F= 3; M=7
MET
minutes/
week
Mean=4235.
4; SD=
870.5
Mean=4785.
8; SD=
1103.4
Mean=552
1.9; SD=
2348.5
Table 1: Participant demographics
5.2. Findings from Qualitative Studies
Exploring the relationships between open codes led
to evolving axial codes for the six interview questions:
motivation, setting up goals, feeling of accomplishment,
fears and barriers, rewards, and tracking of physical ac-
tivity. Comparison of the axial codes emerging for the
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three groups are shown in the supplementary materials.
The following is a summary of the findings from the
emergent axial coded from the gamified group.
Motivation for PA: Accomplishing a goal, aging
well, challenged by activity, easy access to resources,
enjoying outdoors, experience, fear of being unhealthy,
focusing on appearance, focusing on motivational af-
fordances, for a healthy lifestyle, freedom of usage, fun
and recreation, influenced by the app, inspirational in-
fluencers, limitations of resources, mental wellbeing,
routine/lifestyle, social connections, spontaneous and
subconscious activity, treatment for a health issue.
Setting up Goals: Combining exercise types, com-
mitting time for activity, enjoying combination of activ-
ities, focusing on goals | on appearance | on motivational
affordances, improving health outlook.
Feeling of Accomplishment: Adding new challenges,
influencing activity through app, completing difficult
challenges, feeling of mental satisfaction, feeling the
burn, feeling validated for efforts, improving body con-
ditioning, improving confidence, improving health con-
dition, improving ability, increasing independence, in-
spiring motivational affordances, inspiring perfor-
mance, progressing through activities, seeking external
resources, social interaction.
Fears and Barriers: Challenging health conditions,
fearing inability, fearing appearance issues, having psy-
chological challenges, limiting resources, fearing lack
of performance, fearing social interaction.
Rewards and PA: Completing an activity, having
freedom of usage, having intangible rewards, having
tangible rewards, feeling of mental satisfaction, having
self-awareness, having sense of accomplishment, im-
proving confidence, influencing characteristics of the
app, improving health condition, inspiring motivational
affordances, seeing results of efforts, social activity
Tracking of PA: Challenging tracking issues, indi-
cating completion status, improving body form, show-
casing motivational affordances, making social connec-
tions, needing feedback, measuring physical activity.
5.3. Findings from Quantitative Analysis
Answers from participants for the PNSE, IMI and
RPE scales, collected over an eight-week period were
compared between the three groups (group 1 = gamified,
group 2 = non-gamified, group 3 = control).
Overall Tests between Groups: Data were non-
normal and binned into groups using the grouping vari-
able and tested using the Kruskal-Wallis test.
Kruskal-Wallis Test (PNSE)
While for the PNSE scale, motivation was significantly
affected by the interventions for the dimensions related
to perceived competence [H(2) = 28.77, p <0.5], per-
ceived autonomy [H(2) = 8.76, p <0.5], and perceived
relatedness [H(2) = 17.60, p <0.5], was higher in group
1 (gamified) than the other two groups (non-gamified
and control). The Jonckheere - Terpstra test revealed a
significant trend between the groups in the perceived
competence (J = 6491, z = -5.33, r = -.34) and the per-
ceived relatedness dimension (J = 8064, z = -2.63, r = -
.17). The negative value of the z-statistic indicated a ris-
ing trend toward the gamified group (i.e., a trend of de-
scending medians as the coding variable increased).
Kruskal-Wallis Test (IMI)
All effects are reported at p <0.5. Engagement was sig-
nificantly affected by the interventions: interest/engage-
ment (H(2) = 12.45), perceived competence (H(2) =
39.65), effort/importance (H(2) = 6.21), pressure/ten-
sion (H(2) = 12.56), perceived choice (H(2) = 12.5),
value/usefulness (H(2) = 6.43), relatedness (H(2) =
10.42). The Jonckheere-Terpstra’s test revealed a signif-
icant trend in the data: the negative value of the z statis-
tic indicated a trend of descending medians as the cod-
ing variable got bigger, which indicated a rising trend
toward the gamified group. Significant trends were seen
in the following dimensions: Interest/Enjoyment: J =
7602, z = -3.42, r = -.22; Perceived Competence: J =
5824, z = -6.46, r = -.41; Effort/Importance: J = 8272, z
= -2.28, r = -.14; Perceived Choice: J = 11616, z = 3.45,
r = .22; Value/Usefulness: J = 8116, z = -2.60, r = -.16
Kruskal-Wallis Test (RPE)
The comparison for RPE showed significant exertion
between the groups H (2) = 24.3, p < .05. The Jonck-
heere -Terpstra’s test revealed a significant trend in the
data: J = 12277, z = 4.618, r =.30. The positive z-statistic
indicates a rising trend of medians as the coding variable
increased, indicating that the participants in the gami-
fied group (group 1) felt lower exertion compared to the
participants from the control group (group 3).
6. Discussion
We discuss the findings from the qualitative and
quantitative analysis with reference to older adults and
PA. Sample responses from the qualitative analysis are
shown in supplementary materials.
Technology Facilitation of PA: To understand
older adults’ enjoyment and experiential aspects of us-
ing technology for PA, we examined the relevance of
technology in the context of PA motivation, setting up
goals, feeling of accomplishments, fears and barriers,
and rewards, and tracking.
Qualitative Analysis: By investigating the influ-
ence of gamification elements in PA technology, this ex-
perimental study extends the prior work of using web-
based interventions to promote PA by sedentary older
adults (55+), supporting improved behavioral changes
and effective changes in PA of older adults (50+)
[29,49,55]. Based on qualitative analysis, we illustrate
the evidential chain [43] indicating the justification of
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gamified PA technology for older adults (Figure A1 -
supplementary materials). While qualitative analysis
has been used by researchers for hypothesis testing, the
analysis shown in Figure A1 (c.f. supplementary mate-
rials) provides evidence of technology influencing PA.
This correlates with the results of the quantitative anal-
ysis that gamified PA applications would increase par-
ticipant engagement and motivation in PA activity
Quantitative Analysis: From the quantitative anal-
ysis, overall needs satisfaction for exercise (PNSE) in-
dicated significance for perceived competence, per-
ceived autonomy and perceived relatedness. The Jonck-
heere-Terpstra test, used to compare trends between the
groups, also revealed rising medians towards the gami-
fied group for dimensions relating to interest/enjoy-
ment, perceived competence (for interventions), ef-
fort/importance, perceived choice and value/usefulness.
This result is also similar based on the axial codes that
emerged from the qualitative analysis indicated in the
evidential chain mapping (Figure A1, sup. Matl.) that
the gamified group participants showed interest and en-
joyment by the following: improving on their deficien-
cies, increasing challenges progressively, indicated per-
ceived competence through increasing challenges pro-
gressively, feeling of the ability to do more and increas-
ing difficulty levels, feeling importance of effort/im-
portance by feeling validated for their efforts, measuring
progress and improvement in body conditioning. Per-
ceived choice was afforded by the ability to select goals
and challenges, self-regulation of routines and flexibil-
ity of usage. Furthermore, value/usefulness was af-
forded by feeling energetic, wanting to do more, im-
proved confidence and improving ability.
The results of the follow-up tests in the quantitative
analysis for needs satisfaction for exercise (PNSE) indi-
cated significant results between the gamified group and
non-gamified for perceived competence, and between
the gamified and control group for the same dimension.
This was also similar to the axial codes emerging from
the qualitative analysis indicating that participants in the
gamified group felt that a scheduled program with daily
achievements and challenges with motivational af-
fordances like points and stars (rewards) helped them
feel that there was validation of their efforts, and pro-
vided constant monitoring of their progress.
The Spirit50 app had minimal social interaction op-
tions included for testing and therefore it was surprising
to note that the gamified group indicated significant dif-
ference from non-gamified and control group for the re-
latedness dimension. In comparing the qualitative data
from the gamified group, many participants indicated
that they could see the potential of social interactions
with other online participants of the app and in their own
daily life.
7. A Theory of Motivational Affordances
for Older Adults’
Older adults are interested in various aspects of gam-
ified technology because specific elements within the
system provided advantages such as: keeping on track
with regular PA, ability to recognize their limitations
with exercise intensities, challenge themselves to do
more, feel validated for their efforts and be rewarded for
their task completion stages. While older adults have
limited understanding of terminologies such as gamifi-
cation and motivational affordances, they do respond to
triggers such as: setting up of attainable goals, on-the-
spur of the moment challenges and pushing themselves
to do more PA. Additionally, the quantification of PA
using pedometers also pushed older adults to walk more,
add new challenges in their routine walks or treks add-
ing to the degree of difficulty of their activity and also
increase the time spent on such activity. Furthermore,
the presence of motivational affordances also provides
older adults with the choice of monitoring of their pro-
gression, keeping track of their achievements, and giv-
ing them an improved sense of control of their efforts
for PA.
Based on the findings from analysis of qualitative
data, we illustrate the elements are crucial for facilitat-
ing engagement and enjoyment in PA for older adults
through gamification. We propose the term adaptive en-
gagement which means: tailoring of older adults’ en-
gagement through customization and personalization of
motivational affordances for PA. Based on the cluster-
ing of motivational affordances [23,51], we categorize
emergent motivational affordances into intrinsic, extrin-
sic, and feedback elements.
Table 2: Adaptive engagement guidelines 1
Intrinsic Motiva-
tion Elements
Guidelines
Attainable goals Understanding the ability that is spe-
cific on an individual level should be
the focus of PA goals (quests).
Challenges mirror-
ing ability
Increasing challenges progressively
to reflect the individual’s ability so
that it inspires confidence and pro-
vides a sense of accomplishment.
Increased agency Challenges and levels should pro-
vide older adults with the feeling of
a sense of being in control of their
bodies based on their own physical
limitations.
Choice of types of
exercises
Combining activities to provide ex-
ercise and PA that improve endur-
ance, flexibility, strength training
within an indoor and outdoor envi-
ronment.
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Intrinsic Motiva-
tion Elements
Guidelines
Choice of inten-
sity increases or
decreases
Gamification of PA activities should
have provisions of trying out new
challenges or change the intensity
level so that the activity feels like a
challenge or have the potential of
downgrading the challenge.
Inspiring curiosity Gamification elements should pro-
vide the opportunity to provide a
mystery PA module for older adults
to try out for a new reward.
Interjecting unpre-
dictability
The opportunity to do random PA
activities to increase levels and re-
wards fosters the element of engaged
participation.
Facilitating spon-
taneity and instan-
taneous gratifica-
tion
Include elements that allow for
spontaneous PA and instantaneous
gratification in the form of feeling
the burn, completion, achievement
as internalized rewards.
Freedom of usage
and habit for-
mation
Allowing the possibility of activities
to be done anywhere and anytime
with simplicity and memorability to
help with habit formation.
Facilitating com-
petency
Providing challenges that help pro-
mote health benefits and increased
mental satisfaction.
Social facilitation Providing the possibility for older
adults to share and post achieve-
ments, challenges with specific rou-
tines.
Table 3: Adaptive engagement guidelines 2
Extrinsic Motiva-
tion Elements
Guidelines
Attainable re-
wards
Challenges should provide the op-
portunity of instantaneous rewards
while scaffolding to inspire active
participation. It gives older adults
the feeling of satisfaction that cer-
tain tasks and milestones are achiev-
able based on their ability, rewarded
and measurable.
Validation of ef-
forts
While receiving points and stars
seemed frivolous, its attainment af-
ter doing PA activity provided a
sense of validation of one’s efforts.
Progression re-
flecting ability
Progression should show the compe-
tence of older adults in being able to
do a specific level to afford a sense
of accomplishment.
Progression re-
flecting efforts
Combining activities to offer exer-
cise activities that provide endur-
ance, flexibility, and strength train-
ing within an indoor and outdoor en-
vironment.
Extrinsic Motiva-
tion Elements
Guidelines
Highlighting
achievements
Providing badges and points that
help to showcase their achievements
and completion of difficult chal-
lenges.
Intangible rewards Rewarding ability to perform the
tasks and complete the tasks and
providing the opportunity for brag-
ging rights, recognition, as well as
achievement levels will contribute to
engagement and enjoyment of the
PA activity.
Tangible rewards Facilitate usage of experience points
earned to be redeemed for ancillary
contexts such as diet plans, fitness
plans, fitness gear, books and com-
petitions.
Table 4: Adaptive engagement guidelines 3
Feedback Cycle
Elements
Guidelines
Correctness of
form
Real-time feedback on posture cor-
rection, gait and correctness of
stance when doing the exercise rou-
tines is a difficult technology
challenge but was desired by many
older adults for increased participa-
tion.
Performance char-
acteristics
The possibility of providing feed-
back on reps and steps, speed of
completion, and tracking metrics
such as calorie burn, heart rate,
weight loss provides increased en-
gagement
Encouragement
through praise
Real-time feedback in the form of
praise and checkmarks for task com-
pletion through the gamification app
will help to reassure older adults
Visual representa-
tion of progres-
sion
Progression representation of daily,
weekly and monthly indicating com-
petence in all or specific activities in
a graph format is more easily under-
standable by older adults
Onboarding and
education
Older adults should have the oppor-
tunity to overcome challenges with
understanding game, gaming and
gamification terminology through
training and education modules of
the gamification app
Implications of the Study Findings
The GT analysis on ‘Motivational Affordances for
Older Adults PA’ provides numerous vantage points for
technology facilitation
Older adults’ perspective: This theory provides
a better understanding of PA motivation and the rele-
vance of specific gamification elements in the context
of PA. This highlights empirical evidence that older
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adults care about motivational affordances (gamifica-
tion elements) to an extent that it encourages PA [5]. As
indicated in a prior study [7], intrinsic motivation attrib-
utes such as feeling good, feeling of accomplishment,
satisfaction of doing the routines, confidence in ability
to initiate the task of participating in exercise routines
contributes towards habit formation and can lead to ad-
herence and maintenance of regular physical activity.
While being rewarded in the form of badges, points, ex-
perience points, and scores are a few examples of tangi-
ble rewards, the improvement in appearance, weight
loss, and better-looking skin are also examples of tangi-
ble rewards, thus adding to prior studies [19,39]. Intan-
gible rewards can range from accomplishments of feel-
ing good, feeling energetic, praise, recognition, and im-
proved confidence in ability to regulate one’s healthy
behaviour to mention a few [35,38]. Motivational af-
fordances provided by gamification technology assists
with remembering to do the exercise routines, quantify-
ing physical activity metrics through tracking steps, and
providing feedback on calorie intake and calories
burned throughout daily activities thereby fostering a
sense of accomplishment [29,33,44].
Implications for Research and Technology De-
sign: This theory also provides empirical evidence that
tailored PA interventions for older adults improve their
engagement and enjoyment. This means that this exper-
imental study supports health behaviour change through
gamification elements [35,38]. The specificity of intrin-
sic, extrinsic, and feedback elements emergent from GT
provides guidelines for developing and designing gami-
fied PA technology for older adults.
8. Limitations and Future Work
In the context of gamification as well as quantified
health applications, threshold data is rarely adjusted to
older users [53]. For example, general fitness goals,
such as taking 10,000 steps a day, may not be suitable
for older adults with age-related mobility impairments
[53]. Therefore, applications will need to adapt such fea-
tures in the interest of addressing concerns related to
both motivation and safety for older users.
Concerns about placebo effects in games [14] are
also critical to determine what is mediating the observed
behaviour. In this experimental study, participants in the
gamified and non-gamified group may expect to have
more engagement because of the presence of new fea-
tures in the technology artifact (i.e., a novelty effect).
Older adults are also prone to stick to habits, therefore
wearing out effects of novelty and interaction paradigms
for this demographic need further investigation. There
were also the occasions when participants from the gam-
ified and non-gamified forgot to perform their weekly
tasks because of their daily-life activities. There was
also the possibility of risk of a participant not willing to
do the specified daily PA on specific days’ due mood
swings (P11) and general lethargy (P08) in specific
weeks. This posed the limitation of participants not ad-
hering to the exercise plan of a weekly basis for the 8-
week intervention period. Three participants dropped
out of the control group and new recruitment had to be
done of the study protocol prior to the eight-week pe-
riod. Additionally, older adults’ perception of games,
gaming, and gamification compared with younger
adults in the context of PA, needs further investigation.
9. Conclusion
Motivational affordances or gamification elements
have been used in many areas for increasing the engage-
ment and motivation of consumers or users in the do-
mains of marketing, education, health and wellbeing,
and crowdsourcing to mention a few.  There has been
limited research in the use of gamification elements to
facilitate motivation and engagement of users in a phys-
ical activity setting, especially for the older adult demo-
graphic. GT analysis from qualitative data show rele-
vance of motivational affordances within the gamified
and non-gamified group in performing PA facilitated by
technology over an eight-week period. Results from
quantitative analysis indicated significance in the per-
ceived competence dimension compared to the non-
gamified and the control group. Perceived autonomy
was significant for the non-gamified group against the
control group. This congruence between the findings
from the qualitative and quantitative analysis indicates
that gamification elements can serve as factors to foster
PA motivation, enjoyment and engagement. Further-
more, the findings also indicated that enjoyment and
engagement is less in groups with traditional PA inter-
ventions than due to the usage of gamification elements
in PA technology. This experimental study showed that
the usage of motivational affordances through gamified
technology can be used to foster intrinsic motivation
among older adults for PA. Our guidelines for adaptive
engagement are important research contributions to bet-
ter understand PA technology for older adults.
10. Acknowledgements
We thank Prof. Bernie Monette, Prof. George Para-
vantes and Megan Naylor for their help with using the
LiveLabs at Humber College. All aspects of this study
complied with the research ethics guidelines provided
at Humber College and UOIT.
11. References
[1] FA Barwais, TF Cuddihy, and LM Tomson. 2013.
Physical activity, sedentary behavior and total wellness
Page 1214
changes among sedentary adults: a 4-week randomized
controlled trial. Health and Quality of Life Outcomes 11,
1: 183. https://doi.org/10.1186/1477-7525-11-183
[2] HJ Bethancourt, DE Rosenberg, T Beatty, and DE
Arterburn. 2014. Barriers to and facilitators of physical
activity program use among older adults. Clinical Med
Res 12, 1–2: 10–20.
https://doi.org/10.3121/cmr.2013.1171
[3] A van der Bij, M G.H. Laurant, and M Wensing. 2002.
Effectiveness of Physical Activity A Review. Am J of
Prev Med 22, 2: 120–133.
https://doi.org/10.1016/S0749-3797(01)00413-5
[4] GAV Borg. 1982. Psychophysical Bases of Perceived
Exertion. Med Sci Sports Exerc 14, 5: 377–381.
[5] RL Brawley, WJ Rejeski, and AC. King. 2003.
Promoting Physical Activity for Older Adults: The
Challenges for Changing Behavior. Am J of Prev Med
25, 3: 172–183. https://doi.org/10.1016/S0749-
3797(03)00182-X
[6] E Brown and P Cairns. 2004. A grounded investigation
of game immersion. In CHI EA'04, 1297–1300.
https://doi.org/10.1145/985921.986048
[7] E Brox, H Åsheim-Olsen, and L Vognild. 2014.
Experiences from Long-Term Exergaming with Elderly.
In In Proc of AcademicMindTrek ’14, 216–220.
[8] K Charmaz. 2006. Constructing grounded theory: a
practical guide through qualitative analysis. SAGE
Publications, Thousand Oaks, CA.
https://doi.org/10.1016/j.lisr.2007.11.003
[9] JD Chase. 2013. Physical Activity Interventions Among
Older Adults: A Literature Review. Res and Theory
Nurs Pract: An International Journal 27, 1: 53–80.
[10] G Cheung and H Jeff. 2011. Starcraft from the Stands :
Understanding the Game Spectator. In Proc. of CHI '11,
763–772.
[11] J Corbin and A Strauss. 2015. Basics of Qualitative
Research: Techniques and Procedures for Developing
Grounded Theory. SAGE Publications, Inc, Thousand
Oaks, CA.
[12] ML Dacey, A Baltzell, and L Zaichkowsky. 2008. Older
adults’ intrinsic and extrinsic motivation toward physical
activity. Am J of Health Behav 32, 6: 570–582.
https://doi.org/10.5555/ajhb.2008.32.6.570
[13] ML Dacey and R Newcomer. 2005. A Client-Centered
Counseling Approach to Motivating Older Adults
Towards Physical Activity. Topics in Geriatric
Rehabilitation 21, 3: 195–204.
[14] A Denisova and P Cairns. 2015. The Placebo Effect in
Digital Games : Phantom Perception of Adaptive
Artificial Intelligence. In Proc. of CHI PLAY '15, 23–33.
[15] Scale Description. 1994. Intrinsic Motivation Inventory (
IMI )
[16] S Deterding, D Dixon, R Khaled, and LE. Nacke. 2011.
From Game Design Elements to Gamefulness : Defining
“ Gamification .” In MindTrek’11, September 28-30,
2011, Tampere, Finland., 9–15.
[17] H Eduardo. 2009. On the Core Elements of the
Experience of Playing Video Games.
[18] C Fabricatore, M Nussbaum, and R Rosas. 2002.
Playability in Action Videogames: A Qualitative Design
Model. Human-Computer Interaction 17, 4: 311–368.
https://doi.org/10.1207/S15327051HCI1704_1
[19] DL Fife. 2008. Reasons For Physical Activity and
Exercise Participation in Senior Athletes. Thesis,
Brigham Young University - Provo.
[20] TD Gallicano. 2013. Relationship management with the
Millennial generation of public relations agency
employees. Public Relations Review 39, 3: 222–225.
https://doi.org/10.1016/j.pubrev.2013.03.001
[21] BG Glaser and AL Strauss. 1967. The Discovery of
Grounded Theory: Strategies for Qualitative Research.
https://doi.org/10.2307/2575405
[22] M. Hagstromer, P. Oja, and M. Sjostrom. 2006. The
International Physical Activity Questionnaire (IPAQ): a
study of concurrent and construct validity. Public health
nutrition 9, 6: 755–762.
https://doi.org/10.1079/phn2005898
[23] J Hamari and J Koivisto. 2013. Social motivations to use
gamification: An empirical study of gamifying exercise.
In 21st European Conference on Information Systems,
ECIS 2013. Retrieved from
http://www.scopus.com/inward/record.url?eid=2-s2.0-
84926428512&partnerID=40&md5=9acc2c3e0955c162
e001bc18a556444a
[24] J Hamari and J Koivisto. 2013. Social Motivations to
Use Gamification: An Empirical Study of Gamifying
Exercise. In Proc of 21st ECIS ’13, 1–4.
[25] J Hamari and J Koivisto. 2015. “Working out for likes”:
An empirical study on social influence in exercise
gamification. Comput Human Behav 50: 333–347.
https://doi.org/10.1016/j.chb.2015.04.018
[26] J Hamari, J Koivisto, and H Sarsa. 2014. Does
Gamification Work? - A Literature Review of Empirical
Studies on Gamification. Proc of HICSS-47: 3025–3034.
https://doi.org/10.1109/HICSS.2014.377
[27] H Heath and S Cowley. 2004. Developing a grounded
theory approach: A comparison of Glaser and Strauss.
Int J Nurs Stud 41, 2: 141–150.
https://doi.org/10.1016/S0020-7489(03)00113-5
[28] IPAQ-Group. 2005. Guidelines for Data Processing and
Analysis of the International Physical Activity
Questionnaire ( IPAQ ) – Short and Long Forms. Ipaq,
November: 1–15.
[29] AB Irvine, VA Gelatt, JR Seeley, P Macfarlane, and JM
Gau. 2013. Web-based intervention to promote physical
activity by sedentary older adults: randomized controlled
trial. JMIR 15, 2: e19. https://doi.org/10.2196/jmir.2158
[30] Dennis L. Kappen and Lennart E. Nacke. 2013. The
Kaleidoscope of Effective Gamification: Deconstructing
Gamification in Business Applications. In Gamification
’13, 119–122. https://doi.org/10.1145/2583008.2583029
[31] DL. Kappen, LE. Nacke, KM. Gerling, and LE. Tsotsos.
2016. Design Strategies for Gamified Physical Activity
Applications for Older Adults. In Proc HICSS-49, 1309–
18. https://doi.org/10.1109/HICSS.2016.166
[32] N Kaushal and RE. Rhodes. 2015. Exercise habit
formation in new gym members: a longitudinal study. J
Behav Med 38, 4: 652–663.
https://doi.org/10.1007/s10865-015-9640-7
[33] T Keenan. 2009. Internet Use Among Midlife and Older
Adults: An AARP Bulletin Poll. AARP Research,
December: 1–14.
Page 1215
[34] AC King. 2001. Interventions to Promote Physical
Activity by Older Adults. J Gerontol 56A, II: 36–46.
[35] AC. King and DK. King. 2010. Physical Activity for an
Aging Population. Public Health Review 32, 2: 1–19.
[36] Abby C King, W Jack Rejeski, and David M Buchner.
1998. Physical Activity Interventions Targeting Older
Adults: A Critical Review and Recommendations. Am J
of Prev Med 15, 4: 316–333.
[37]Y Kuroda, Y Sato, Y Ishizaka, M Yamakado, and N
Yamaguchi. 2012. Exercise motivation, self-efficacy,
and enjoyment as indicators of adult exercise behavior
among the transtheoretical model stages. Glob Health
Promot 19, 1: 14–22.
https://doi.org/10.1177/1757975911423073
[38] GL. Lavigne, N Hauw, RL. Vallerand, P Brunel, C
Blanchard, I Cadorette, and C Angot. 2009. On the
Dynamic Relationships between Contextual (or General)
and Situational (or State) Motivation toward Exercise
and Physical Activity : A Longitudinal Test of the Top -
Down and Bottom -Up Hypotheses. Int J of Sport and
Exer Psyc, 7: 147–168.
[39] JJ Lin, L Mamykina, S Lindtner, G Delajoux, and HB
Strub. 2006. Fish ’ n ’ Steps : Encouraging Physical
Activity with an Interactive Computer Game. In Ubi-
Comp’06, 261–278.
[40] C Lister, JH West, B Cannon, T Sax, and D Brodegard.
2014. Just a Fad? Gamification in Health and Fitness
Apps. JMIR Serious Games 2, 2: 1–12.
https://doi.org/10.2196/games.3413
[41] HR. Marston. 2013. Digital Gaming Perspectives of
Older Adults: Content vs. Interaction. Educational
Gerontology 39, 3: 194–208.
https://doi.org/10.1080/03601277.2012.700817
[42] BC Martinson, NE Sherwood, AL Crain, MG Hayes,
AC King, NP Pronk, and PJ O’Connor. 2010.
Maintaining physical activity among older adults: 24-
month outcomes of the Keep Active Minnesota
randomized controlled trial. Preventive medicine 51, 1:
37–44. https://doi.org/10.1016/j.ypmed.2010.04.002
[43] MB Miles, MA Huberman, and J Saldana. 2014.
Drawing and Verifying Conclusions. In Qualitative
Data Analysis: A Methods Sourcebook. 275–322.
https://doi.org/January 11, 2016
[44] A Mouton and M Cloes. 2013. Web-based interventions
to promote physical activity by older adults: promising
perspectives for a public health challenge. Archives of
Public Health 71, 1: 16. https://doi.org/10.1186/0778-
7367-71-16
[45] SP Mullen, EA Olson, SM Phillips, AN Szabo, TR
Wojcicki, EL Mailey, NP Gothe, JT Fanning, AF
Kramer, and E McAuley. 2011. Measuring enjoyment of
physical activity in older adults: invariance of the
physical activity enjoyment scale (paces) across groups
and time. The International Journal of Behavioral
Nutrition and Physical Activity 8, 1: 103.
https://doi.org/10.1186/1479-5868-8-103
[46] HH. Nap, YA W De Kort, and WA Ijsselsteijn. 2009.
Senior gamers: Preferences, motivations and needs.
Gerontechnology 8, 4: 247–262.
https://doi.org/10.4017/gt.2009.08.04.003.00
[47] R Orji, RL. Mandryk, J Vassileva, and KM Gerling.
2013. Tailoring persuasive health games to gamer type.
In Proc. of CHI ’13, 2467–2476.
https://doi.org/10.1145/2470654.2481341
[48] HE Payne, VB Moxley, and E MacDonald. 2015. Health
Behavior Theory in Physical Activity Game Apps: A
Content Analysis. JMIR serious games 3, 2: e4.
https://doi.org/10.2196/games.4187
[49] DA Peels, C Bolman, RHJ Golsteijn, H de Vries, AN
Mudde, MM van Stralen, and L Lechner. 2013. Long-
term efficacy of a printed or a Web-based tailored
physical activity intervention among older adults. The
international journal of behavioral nutrition and
physical activity 10, 1: 104.
https://doi.org/10.1186/1479-5868-10-104
[50] Y Riche and W Mackay. 2009. PeerCare: Supporting
Awareness of Rhythms and Routines for Better Aging in
Place. CSCW 19, 1: 73–104.
https://doi.org/10.1007/s10606-009-9105-z
[51] N Romero, J Sturm, T Bekker, L de Valk, and S
Kruitwagen. 2010. Playful persuasion to support older
adults’ social and physical activities. Interacting with
Computers 22, 6: 485–495.
https://doi.org/10.1016/j.intcom.2010.08.006
[52] LS Rovniak, JF Sallis, JL Kraschnewski, CN
Sciamanna, EJ Kiser, CA Ray, VM Chinchilli, D Ding,
SA Matthews, M Bopp, DR George, and MF Hovell.
2013. Engineering online and in-person social networks
to sustain physical activity: application of a conceptual
model. BMC public health 13, 1: 753.
https://doi.org/10.1186/1471-2458-13-753
[53] KA Schutzer and BS Graves. 2004. Barriers and
motivations to exercise in older adults. Preventive
Medicine 39, 5: 1056–1061.
https://doi.org/10.1016/j.ypmed.2004.04.003
[54] A Stathi, KR Fox, J Withall, G Bentley, and JL
Thompson. Promoting physical activity in older adults :
A guide for local decision makers. 1–72.
[55] MM van Stralen, H de Vries, A N Mudde, C Bolman,
and L Lechner. 2011. The long-term efficacy of two
computer-tailored physical activity interventions for
older adults: main effects and mediators. Health
psychology : official journal of the Division of Health
Psychology, American Psychological Association 30, 4:
442–52. https://doi.org/10.1037/a0023579
[56] D Walker and F Myrick. 2006. Grounded theory: an
exploration of process and procedure. Qualitative Health
Research 16, 4: 547–59.
https://doi.org/10.1177/1049732305285972
[57] AS Weber and M Sharma. 2011. Enhancing
Effectiveness of Physical Activity Internventions
Among Older Adults. American Journal of Health
Studies 26, 1: 25–36.
[58] PM Wilson, WT Rogers, WM Rodgers, and TC Wild.
2006. The Psychological Need Satisfaction in Exercise
Scale. Journal of Sport and Exersise Psychology, 28:
231–251.
[59] 2002. Physical Activity Readiness Questionnaire - PAR-
Q.
Page 1216
